1. Introduction {#sec1}
===============

Cardiovascular disorders are the most common causes of death, where lifestyle imparts a significant impact on the health of the people. The modernization of society brings untoward changes in dietary pattern. Nowadays food menu contains high saturated fats and refined sugars, however fibre content is low [@bib1]. It is now established that hyperlipidaemia is responsible for the premature development of atherosclerosis and other cardiovascular complications. Hyperlipidaemia contributes to a drastic threat to the spread and expansion of atherosclerosis and coronary heart diseases (CHD) [@bib2]. Atherosclerosis is now recognised to be an inflammatory condition and responsible for the development of cerebrovascular diseases, ischemic heart diseases (IHD), and peripheral vascular diseases, where all of these diseases account almost 29% of total deaths in the whole world in 2005 [@bib3]. Hypertension, hypercholesterolemia, diabetics and obesity are considered as the major risk factors for most of cardiovascular disorders with significant impairment of lipid profiles \[[@bib2], [@bib4]\]. Among all of the cardiovascular disorders, IHD is a major risk factor in the pathogenesis of preoperative adverse cardiovascular events which leads to significant morbidity and mortality of the high-risk surgical patient population [@bib2]. Recent studies also suggested that lipid-associated disorders are not only attributed to the total serum cholesterol but also with the distribution among different lipoproteins, where low-density lipoproteins (LDL) are the major carriers of cholesterol towards tissues with an atherogenic potentiality and the high-density lipoproteins (HDL) carry cholesterol from peripheral tissues to the liver. Thus HDL gives protection against many cardiac problems and obesity [@bib5]. Some recent data suggest that higher level of serum uric acid (hyperuricemia) is closely related with visceral fat accumulation [@bib6] and some other metabolic disorders such as glucose intolerance, elevated blood pressure, dyslipidaemia and atherosclerotic cardiovascular diseases, conceptualized as the metabolic syndrome [@bib7]. Furthermore, it was reported recently that reduction in visceral fat was associated with significant falls in serum uric acid level, and that both serum adiponectin concentration and visceral fat area were significantly correlated with serum uric acid level [@bib8]. The treatments of hyperlipidemia mainly rely on a patient\'s cholesterol profile. Many antihyperlipidemic agents are commercially available such as the statin, fibrates, niacin, bile acids, ezetimibe etc. All of these agents having the potentiality of reducing cholesterol level, however, they also have remarkable side effects [@bib9]. Most common side effects of traditional hypolipidemic drugs are hyperuricemia, diarrhoea, flushing, nausea, myositis, gastric irritation, dry skin and abnormal liver function etc. [@bib10].

In many parts of the world, plants-derived preparations have been used for the treatment of hyperlipidemia. Antihyperlipidemic agents from plant origin have become popular because of their less toxicity, easy availability and absorption in the body than currently used drugs. Nowadays Ayurveda, Unani and Chinese practitioners prescribe numerous herbal drugs which have hypoglycemic, hypolipidemic and antihypertensive properties for the treatment of cardiovascular disorders \[[@bib11], [@bib12]\]. Plants containing biologically active chemical substances such as saponins, tannins, essential oils, flavonoids, alkaloids and other chemical compounds are considered as the possible candidates for the herbal therapy \[[@bib13], [@bib14]\]. Our present interest is on *M. charantia* belongs to family Cucurbitaceae, also called bitter melon, balsam pear and bitter gourd. It is widely distributed in tropical regions of South East and Far East Asia to Australia and South Africa. *M. charantia* possesses antidiabetic, antihyperlipidemic and anticarcinogenic anti-HIV, anthelmintic, antitumor, and wound healing properties \[[@bib15], [@bib16], [@bib17], [@bib18], [@bib19]\]. Fresh juice of bitter melon inhibited lipogenesis [@bib20]. In addition, ingestion of *M. charantia* as food may regulate glucose uptake by activating a protein called AMPK and increases insulin sensitivity [@bib21]. In this study, we want to investigate the possibility of antihyperlipidemic activity and qualitative study of plasma uric acid reducing the potential of the ethanolic extract of *M. charantia* seeds.

2. Materials and methods {#sec2}
========================

2.1. Collection and identification of plant parts {#sec2.1}
-------------------------------------------------

Ripe fruits of *M. charantia* were brought from the local market of Noakhali district, Chittagong, Bangladesh on June 2016. The plant\'s material was identified and authenticated by the National Herbarium, Mirpur, Dhaka. The voucher specimen number was (Accession no\# DACB 42292).

2.2. Drying, grinding and cold extraction of the seeds of *M. charantia* {#sec2.2}
------------------------------------------------------------------------

Collected seeds were separated from undesirable plant parts washed thoroughly and air dried at room temperature for 14 days. The plant parts were ground into a coarse powder with the help of a suitable grinder. The powder was stored in an airtight container and kept in a cool, dark and dry place [@bib22]. About 800 gm of powdered material was taken in a clean, flat-bottomed glass container and soaked in 2L of distilled ethanol. The container with its content was sealed by aluminium foil and kept for a period 15 days accompanying occasional shaking and stirring. The whole mixture then underwent a coarse filtration by fresh cotton plug and finally with a Whatman filters paper. The volume of the filtrate was then reduced by using an evaporator (Buchi Rotavapor) at low temperature and pressure.

2.3. Materials {#sec2.3}
--------------

Atorvastatin was collected form Incepta Pharmaceuticals Ltd, Bangladesh. All other reagents used in this study were analytical grades.

2.4. Preparation of extract and standard drug suspension {#sec2.4}
--------------------------------------------------------

In order to administer the extract at doses of 200 mg/kg body weight of mice [@bib23], the extracts were measured accurately and triturated in a unidirectional way by adding a small amount of distilled water. After proper mixing of extract, distilled water was slowly added to make the final volume of the suspension up to 5 ml. Atorvastatin at the dose of 1 mg/kg body weight [@bib24] was prepared by breakdown the tablet by mortar pestle, accurately weighing and dissolved in a small amount of water. Water was added slowly to make the final volume of the suspension up to 5 ml. To stabilize the suspension, it was stirred well by vortex mixture.

2.5. Experimental animals {#sec2.5}
-------------------------

Swiss albino male mice, used for this study were collected from the animal house of Jahangirnagar University, Savar, Dhaka, Bangladesh. Feeding of mice was done by standard laboratory pellet diet and water at *libitum* at a temperature of 25 ± 20 °C and 55 ± 10% relative humidity*.* They were allowed to acclimatize for 7 days to the laboratory conditions before conducting the experiment [@bib25]. The protocol used in this study in mice model was carried out based on the guideline of the Institutional Animal Ethics Committee. All authors hereby declare that \"Principles of laboratory animal care\" (NIH publication No. 85-23, revised 1985) were followed, as well as specific national laws where applicable. All experiments have been examined and approved by the ethical committee of Noakhali Science and Technology University.

2.6. Study design {#sec2.6}
-----------------

During this study exactly 25 healthy male mice were randomly selected and divided into 5 groups (each group contains 5 mice).

Gr-1(Control group): All of the mice were fed normal food.

Gr-2: Mice were fed with normal diet along with 200 mg/kg body weight extract.

Gr-3(Obese group/HFD): Mice fed with high-fat diet- 20% (w/w) cow fat with a normal diet.

Gr-4: Mice fed by high-fat diet with 200 mg/kg body weight extract.

Gr-5 (Standard): Mice fed with normal food, and atorvastatin at a dose of 1 mg/kg body weight.

Mice of all groups were treated daily with their respective foods and water for a period of 11^th^ days and each of the mice was weighed every day. At the end of the experiment, mice were anaesthetized before killing by decapitation and blood collected for analysis.

2.7. Determination of serum cholesterol, triglyceride, and uric acid level {#sec2.7}
--------------------------------------------------------------------------

Serum cholesterol (SC) level was calculated by enzymatic endpoint (CHOD-PAP) method [@bib26]; whereas serum triglyceride (TG) was estimated by enzymatic colourimetric GPO-PAP method [@bib27] respectively using a double beam spectrophotometer (Shimadzu, Japan). Serum uric acid (SUA) level was measured by using the method of Fossate *et al.* (enzymatic colourimetric method) with slight modification [@bib28].

2.8. Pathological examination of organ weight {#sec2.8}
---------------------------------------------

After completing the 25 days experimental period, ketamine (500 mg/kg) was administered intraperitoneally at the 26^th^ day to anaesthetize the animal before sacrificing. After sacrificing, the specific organs of interest were separated from the carcasses and preserved in normal saline. We separated the liver, kidney and heart of each mouse. After collecting the organ, each organ of mice was weighing separately and the average weights of liver, kidney and heart of each group were compared statistically.

2.9. Statistical analysis {#sec2.9}
-------------------------

All the results were expressed as Mean ± SEM (Standard Error of Mean). P-value was calculated by one way ANOVA followed by Dunnet\'s t-test using SPSS software (version 22.0). All the groups were compared with control. P \< 0.05 was considered to be statistically significant and p \< 0.001 was considered to be highly significant.

3. Results {#sec3}
==========

3.1. Acute toxicity test {#sec3.1}
------------------------

During acute toxicity test, 2000 mg/kg body weight of extract was given and no death was observed during the experimental investigation. All of the control and treated rats survived until the end of the treatment period.

3.2. Body weight and growth {#sec3.2}
---------------------------

A noticeable downward tendency in body weight gaining of the mice was seen for Gr-2 when compared with mice of other groups. The average weight of the control group shows a regular and gradual rise in the graph, whereas the weight gaining trend is a parallel manner for Gr-1 mice (HFG) with respect to control group mice. This growth trend is somehow less for Gr-2 and Gr-3. Weight losing tendency was little more for Gr-3 when compared to Gr-1 and Gr-2. Standard drug lower the body gaining trend remarkably. Comparisons of body weight variation were shown in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1Body weight variation of mice of different groups. Here, Gr-1 = 20% fat feeding group; Gr-2 = Normal food and *M. charantia* extract (200 mg/kg) feeding group; Gr-3 = 20% fat and *M. charantia* feeding group; Control = Normal food feeding group; Standard = Atorvastatin (10 mg/kg body weight) feeding group.Fig. 1

3.3. Analysis of organ weight {#sec3.3}
-----------------------------

From the data found in [Table 1](#tbl1){ref-type="table"}, we see that the average weight of liver has been decreased more significantly in both Gr-1 and Gr-2 (p \< 0.01) and showed significantly lower value for Gr-3 (p \< 0.05), while compared to control. Similar results were also found when comparing the weight of heart among five experimental groups, but none of this value was found to be statistically significant. Finally, the average weight of the kidney was lowered significantly (p \< 0.05) for Gr-1 and Gr-2 while comparing with the control subject ([Table 1](#tbl1){ref-type="table"}).Table 1Organ weight variation among the mice of different groups.Table 1Treatment groupsAverage weight of the heart (gm)Average weight of the liver (gm)Average weight of the kidney (gm)Control0.2 ± 0.042.04 ± 0.0750.29 ± 0.005Gr-10.2 ± 0.041.38 ± 0.035\*\*0.20 ± 0.015\*Gr-20.18 ± 0.071.56 ± 0.06\*0.23 ± 0.015\*Gr-30.155 ± 0.0151.36 ± 0.04\*\*0.20 ± 0.026Standard0.131 ± 0.021.6 ± 0.1480.18 ± 0.005\*\*[^1]

3.4. Biochemical examination {#sec3.4}
----------------------------

From the biochemical examination of blood serum, we have found both the serum cholesterol (SC) and triglyceride l (TG) level were decreased in both Gr-2 and Gr-3 when compared to control group (Gr-1) who fed with fat diet showed highest SC and TG level in blood. All the experimental groups showed statistically significant (p \< 0.05) result except Gr-2 when compared with control. Again in the case of SC level determination, Gr-1 and Gr-2 showed the statistically significant result ([Table 2](#tbl2){ref-type="table"}). Our final finding was focused on serum uric acid (UA) level, where Gr-1 reveal highest value and groups nursed by plant extract with normal, and fat-containing diet showed the lowest value while comparing with control subject ([Table 3](#tbl3){ref-type="table"}).Table 2Analysis of serum triglyceride and cholesterol level of mice of different groups.Table 2Treatment groupTriglyceride level (mg/dl)Cholesterol level (mg/dl)Control226.66 ± 4.67\*104.52 ± 9.08Gr-1372.83 ± 0.5\*\*\*128.1 ± 3.65\*\*\*Gr-2180 ± 2.3096.07 ± 1.02\*\*\*Gr-3339.9 ± 6.6\*\*\*81.05 ± 0.80Standard130.5 ± 7.5879.50 ± 4.48[^2]Table 3Analysis of serum uric acid level of mice of different groups.Table 3Treatment groupPlasma Uric acid level (mg/dl)Control30.4 ± 6.4Gr-148 ± 8.2\*Gr-218.7 ± 1.2\*\*\*Gr-318.4 ± 2.4\*\*Standard16.3 ± 4.3[^3]

4. Discussion {#sec4}
=============

Obesity is considered as major risk factors for the development of health-related problems. It\'s prevalence becoming high throughout the whole world. Many studies on the human model reported that increased fat intake causes the weight gain tendency and followed by develops obesity with other metabolic complications [@bib29]. A high-fat-diet-induced obese animal model has been commonly used for studying obesity-related changes [@bib30]. In our study, we also found that mice fed with a high-fat diet increased the body weight significantly when compared to normal diet mice. While the treatment with the ethanolic extract of *M. charantia* along with normal diet or high-fat diet reducing the body weight. Although *M. charantia* causes a reduction in the body weight regardless of diet, this plant extract is more prominent to inhibit the weight gain in HFD induced obesity. Moreover, our seed ethanolic extract decreased the body weight of mice without showing any mortality and toxicity during the study period. This study result is in accordance with the research study of Hidaka *et al.*, Mori *et al.*, Astel *et al.*, \[[@bib30], [@bib31], [@bib32]\]. Data from pathological examination showed that the average weight of the heart of the mice remains normal in all groups when compared with control. However, the weight of the liver and kidney of the mice of Gr-2 and Gr-3 decreased significantly. The changes in the absolute and relative organ weights indicate incurrence of toxicity in mice [@bib33]. During this study the weight of kidney of the mice of *M. charantia* decreased significantly, which is strongly supported by findings of Teoh *et al.*, [@bib34]. The study by Teoh *et al.*, suggested that when extract of *M. charantia* has given to diabetic rates their weight of kidney decrease significantly, where all the necrotic changes observed in the proximal and distal convoluted tubules along with the deposits were found to be absent in the diabetic rats treated with the MC extract. The group that was treated with *M. charantia* extract showed features of healing i.e. normal glomerulus, absence of inflammatory cells, normal basement membrane and capillaries, decrease in the mucopolysaccharide and hyaline deposit, respectively. The tissue necrosis was also observed to decrease in the group treated with *M. charantia* extract [@bib34]. Our study revealed that the ethanolic extract of *M. charantia fruits* showed the most significant serum TG lowering (p \< 0.001) and insignificant SC lowering (p \> 0.05) activities. Besides these seeds extract showed insignificant serum TG lowering (p \> 0.05) and more significant SC lowering (p \> 0.01) activity when the study was carried on mice of normal food and extract group. The result showed that there was an increase in TC and serum TG level in HFD group than the control. It was also showed that administration of the extract at 200 mg/kg body weight along with HFD lower TC, TG level compared with 20% fat group. The hypolipidemic activity of the ethanolic extract of the *M. charantia* seeds found to be less efficacious than that of the standard drug atorvastatin. The decrease of blood TG level may be attributed to the hepatocellular damage. According to the research studies of Breckenridge *et al.*, Carlson *et al.*, Connelly *et al.*, serum TG level increases due to the defect in hepatic lipase in human beings \[[@bib33], [@bib35], [@bib36]\].

Obesity is often accompanied by hyperuricemia \[[@bib6], [@bib7], [@bib8]\]. Adipose tissue is responsible for abundant expressions and activities of Xanthine oxidoreductase (XOR), and obese adipose tissues have higher XOR activities than those of control mice. During the last step of purine metabolism, XOR catalyses the oxidation of xanthine and hypoxanthine into uric acid. Dysfunction of obese adipose tissue could be related to overproduction of uric acid. Xanthine oxidase (XO) inhibitors block the terminal step in uric acid biosynthesis, which can lower the serum uric acid (SUA) concentration. In folk medicine, *M. charantia* has been used as an important traditional herbal medicine due to its vast bioactive compounds like-kaempferol, quercetin, 5, 7-dimethoxycoumarin, alkaloids, campaign, and pseudocarpaine [@bib37]. Any of these bioactive compounds may contribute to XO inhibitory activities. XO has previously received considerable attention because of its physiological functions such as antioxidant activity. Our research finding is endorsed by many research works to determine the antihyperlipidemic activities of different plant extract. However, here we found some new finding. Tsushima *et al.* revealed that the SUA level indicates a hyperlipidemic condition in mice model. Adipose tissue can secrete uric acid in the mouse [@bib38]. Thus low SUA level reveals a lesser generation of adipocyte on mice model. Our main goal was to validate this new finding by using our experimental plant extract. We, fortunately, found that our experimental plant extract showed decreased SUA level in both Gr-2 and Gr-3 mice. Our finding endorsed that seed extract of *M. charantia* reduced SUA level significantly. There are possibilities that reduction of serum urate (SU) level results from the facilitation of uricase by the extract or facilitation of the excretion of serum urea. However, there is a question arise that as a human does not contain uricase, how SU level decrease if we want this plant extract for therapeutic use? The answer raises the hypothesis that there is a possibility of reduction of SU level by this extract due to the increase of urinary urate excretion through glomerular filtration or tubular secretion. There is another claim come on our mind that although human does not contain uricase; any nutraceuticals or bioactive compound in plant extract may facilitate the reduction of SU level by inhibiting its absorption in gout.

5. Conclusion {#sec5}
=============

Although our present study does not represent the total lipid-lowering profile of *M. charantia;* by considering the cholesterol, triglyceride, and uric acid lowering index, it is clear that seeds of this plant greatly reduce the initiation of obesity. We also found a close relationship between hyperlipidemia and hyperuricemia. By considering the potential, we can conclude that there is a possibility of developing anti-obese and lipid-lowering drugs from *M. charantia* seeds. Further studies should be necessary to find out the bioactive metabolites and warrant this finding on the human model for potential therapeutic effects.

5.1. Limitation {#sec5.1}
---------------

Although our present study represents that *M. charantia* greatly reduce the initiation of obesity by considering the cholesterol, triglyceride, and uric acid lowering index, while a major limitation was failed to represent HDL and LDL index. Other major limitations were absent of histological assay, small experimental animal size, and integration of these data to human subjects.
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[^1]: Values are represented as Mean ± SEM (n = 5); \*p \< 0.05, \*\*p \< 0.01.
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